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STRUCTURING  OF  COLLISIONLESS,  HIGH  VELOCITY  ION  CLOUDS 


Introduction 

In  recent  years  there  have  been  a  number  of  releases  of  barium  ion 
clouds  at  very  high  altitudes  with  high  velocities  perpendicular  to  the 
geomagnetic  field.  A  number  of  examples  include:  the  NASA-MPE  5  R_  barium 
release,1’2  the  Avefria  barium  jet,3  the  NASA-CAMEO  experiment,4  and  the 
University  of  Alaska  radial  shaped  charge.5  It  is  the  purpose  of  this  note 
to  show  that  these  clouds  should  be  unstable  to  a  Rayleigh-Taylor  instabil¬ 
ity  driven  by  the  deceleration  of  the  cloud  in  the  geomagnetic  field.  This 
Rayleigh-Taylor  instability  could  cause  a  very  rapid  striation  of  the  ion 
clouds . 

Instability  Theory 

We  consider  the  ion  continuity  equation, 

3pi 

+  7  *<p±  vJ  =  o  (i) 


and  conservation  of  electric  current, 

V  •  J  =  0.  (2) 

/*pi 

Define  C  » J  ^  di,  the  capacitance  of  the  ion  cloud  integrated  along  the 
magnetic  field.  Then  the  field  line  integrated  equation  (1)  can  be  written 


§f +7  *(C  vu)  =  0.  (3) 

For  a  cold  collisionless  plasma  the  field  line  integrated  momentum  equation 
yields 


J 


(4) 


The  electric  current  is  strictly  a  polarization  current  which  when  sub¬ 
stituted  into  equation  (2)  results  in 
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(5) 


Deceleration  of  Ion  Clouds 

For  many  high  velocity  ion  clouds  the  deceleration  will  occur  via 
line-tying  forces  in  the  ionosphere.  In  this  case  we  can  easily  estimate 
the  rate  of  deceleration.  The  cloud  causes  polarization  currents  which  are 
closed  in  the  ionosphere  via  a  Pederson  current.  That  is. 
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-  2  E. 
P 


(10) 


Equation  (10)  has  solution 


E  =  Eq  exp  -  (Z  /C)t  (11) 

The  velocity  has  the  same  solution  as  equation  (11),  therefore  we  may  write 
the  deceleration  as 

f  -  -  v„  f  -  VC)t  (12) 

where  V  is  the  initial  cloud  velocity,  2  is  the  ionospheric  Pederson  con- 
o  P 

ductance,  and  C  is  the  capacitance  of  the  plasma  cloud.  Choosing  C  =  5 

farads,  2=5  mhos,  reasonable  values  for  a  moderate  size  barium  cloud  and 
P 

a  twilight  ionosphere,  gives  for  the  deceleration 

dV 

-  1.0  VQ  exp(-t).  (13) 


If  now  V  ~  10  km  sec-1  and  L  ~  1  km  we  find  v  «  2.5  sec-1  at  a  time  of  0.5 
o 

seconds.  Earlier,  of  course,  the  growth  rate  would  be  larger.  F-^r  L  ~  100 
meters,  y  «  8  sec-1;  and  for  L  ~  10  meters,  y  &  25  sec-1.  This  computation 
shows  that  the  growth  of  the  instability  and  cloud  striation  would  be  con¬ 
siderable  in  a  few  seconds.  Another  more  complicated  analysis  of  the  cloud 
deceleration  by  Alfven  waves6  also  leads  to  similarly  large  growth  rates. 


Conclusions 

In  the  preceding  paragraphs,  we  have  shown  that  cold,  collisionless, 
high  velocity  ion  clouds  are  unstable  to  the  "Rayleigh-Taylor"  instability 
in  the  ionosphere  and  magnetosphere.  We  have  also  demonstrated  for  one 
example  that  the  instability  growth  time  can  be  much  less  than  10  seconds. 
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The  instability  we  have  described  is  another  member  of  a  large  class 
of  "interchange  instabilities"  which  includes  the  well-known  "gradient 
drift"  and  "gravitational  Rayleigh-Taylor"  instabilities.7  In  view  of  this 
instability's  rapid  growth  and  its  close  relationship  to  other  well-known 
ion  cloud  structuring  instabilities,  it  would  appear  to  be  a  most  likely 
candidate  for  generating  the  rapid  structuring  which  has  been  observed  in 
collision.less ,  high  velocity  ion  cloud  experiments. 

This  instability  would  also  be  pertinent  to  rapid  structure  growth  in 
the  coupling  shell  of  nuclear  detonations. 
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STRATEGIC  AIR  COMMAMO/XPFS 
OFFUTT  AFB,  NB  68113 

OICY  ATTN  XPFS  MAJ  B.  STEPHAN 
OICY  ATTN  AOWATE  MAJ  BRUCE  BAUER 
OICY  ATTN  NRT 

OICY  ATTN  DOK  CHIEF  SCIENTIST 

SAMSO/YA 
P.  0.  SOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 

OICY  ATTN  YAT  CAPT  L.  BLACKWELOER 

SAMSO/SK 
P.  0.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 

OICY  ATTN  SKA  (SPACE  COMM  SYSTEMS) 

SAMSO/MN 

NORTON  AFB,  CA  92409 
(MINUTEMAN) 

OICY  ATTN  MNNL  LTC  KENNEDY 
COMMANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
HANSCOM  AFB,  MA  01731 

OICY  ATTN  EEP  A.  LORENTZEN 


DEPARTMENT  OF  ENERGY 
ALBUQUERQUE  OPERATIONS  OFFICE 
P.  0.  BOX  5400 
ALBUQUERQUE,  NM  87115 

OICY  ATTN  DOC  CON  FOR  D.  SHERWOOD 

DEPARTMENT  OF  ENERGY 
LIBRARY  ROOM  G-042 
WASHINGTON,  D.C.  20545 

OICY  ATTN  DOC  CON  FOR  A.  LABOWITZ 


M.  CLAVIN 


!  , 
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£G$G,  INC. 

los  alamos  division 

p.  o.  box  809 

los  alamos,  nm  855*44 

□ICY  ATTN  DOC  CON  FOR  J.  BREEDLOVE 

JNtVERSlTr  0 F  CALIFORNIA 
LAWRENCE  ulVERMORE  -A80RATCRY 
P.  0.  BOX  808 
LIVERMORE,  CA  94550 

OICT  ATI.*  DOC  CON  FOR  TECH  INFO  DEPT 
01CY  ATTN  DOC  CON  FOR  L-389  R.  OTT 
01CY  ATTN  DOC  CON  FOR  L-31  R.  HAGER 
01CY  ATTN  DOC  CON  FOR  L-46  F .  SEWARD 


los  alamos  scientific  laboratory 

P.  0.  BOX  1663 


LOS  ALAMOS 

,  NM 

87545 

OiCY 

ATTN 

DOC 

CON 

FOR 

J.  WOLCOTT 

OiCY 

ATTN 

DOC 

CON 

FOR 

R .  F.  taschek 

OICY 

ATTN 

OUC 

CON 

FOR 

E.  JONES 

OICY 

ATTN 

DOC 

CON 

FOR 

J.  MALIK 

OICY 

ATTN 

DOC 

CON 

FOR 

R.  JEFFRIES 

OiCY 

ATTN 

DOC 

CON 

FOR 

J.  ZINN 

OiCY 

ATTN 

DOC 

CON 

FOR 

P.  KEATON 

OiCY 

ATTN 

DOC 

CON 

FOR 

D.  WESTERVELT 

SAM© I A  LABORATORIES 

P,  0.  BOX 

5800 

AL8UQUERQUE,  NM 

87115 

OICY 

ATTN 

DOC 

CON 

FOR 

J.  MARTIN 

OICY 

ATTN 

DOC 

CON 

FOR 

W.  BROWN 

OICY 

ATTN 

DOC 

CON 

FOR 

A.  T HORN B ROUGH 

OICY 

ATTN 

ooc 

CON 

TOR 

T.  WRIGHT 

OICY 

ATTN 

DOC 

CON 

FOR 

0.  OAH.GR  EN 

OICY 

ATTN 

DOC 

CON 

FOR 

3141 

OICY 

ATTN 

DOC 

CON 

FOR 

SPACE  PROJECT  t 

SA4CIA  ^A8Q«ArO«(eS 

LIVERMORE 

laboratory 

P.  0.  BOX 

969 

LIVERMORE, 

CA  99550 

OICY 

ATTN 

DOC 

CON 

FOR 

B.  ML'RPHEY 

OICY 

ATTN 

DOC 

CON 

FOR 

T.  COCK 

OFFICE  OF  MILITARY  /PPUCATION 

departmcnt  of  energy 
WASHINGTON,  D.C .  20545 

01CY  ATTN  DOC  CON  FOR  D.  GALE 


OTHER  GOVERNMENT 


CENTRAL  INTELLIGENCE  AGENCY 
ATTN  RO/SI,  RM  5G48,  HQ  BLDG 

wachington,  d.c.  20505 

01CY  ATTN  OS  I /PS  ID  RM  5F  19 

DEPARTMENT  OF  COMM€RCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  D.C.  20234 

CALL  CORRES:  ATTN  SEC  OFFICER  FOR) 
OiCY  ATTN  R.  MOORE 

INSTITUTE  FOR  TELECOM  SCIENCES 
NATIONAL  TELECOMMJN I CATIONS  $  INFO  AOMIN 
BOULDER,  CO  80303 

OICY  ATTN  A.  JEAN  (UNCLASS  ON_Y) 
OICY  ATTN  W.  UTLAUT 
OICY  ATTN  D.  CROMBIE 
OICY  ATTN  L.  BERRY 


NATIONAL  OCEANIC  6  ATMOSPHERIC  ADMIN 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
DEPARTMENT  OF  COMMERCE 
BOULDER,  CO  80302 

OICY  ATTN  R.  GRUBB 

OICY  ATTN  AERONOMY  LAB  G.  REID 


DEPARTMENT  OF  DEFENSE  CONTRACTORS 

AEROSPACE  CORPORATION 

P.  0.  BOX  92957 

LOS  ANGELES,  CA  90009 

OICY  ATTN  I.  GARFUNCEL 
OICY  ATTN  T.  SALMI 
OICY  ATTN  V.  JOSEPHSON 
OICY  ATTN  S.  BOWER 
OICY  ATTN  N.  STOCKWELL 
OICY  ATTN  D.  OLSEN 
OICY  ATTN  J.  CARTER 
OICY  ATTN  F.  MORSE 
OICY  ATTN  SMFA  FOR  PWW 

ANALYTICAL  SYSTEMS  ENGINEERING  CORP 
5  OLD  CONCORD  ROAD 
BURLINGTON,  MA  01803 

OICY  ATTN  RADIO  SCIENCES 

BERKELEY  RESEARCH  ASSOCIATES,  INC. 

P.  0.  BOX  983 
BERKELEY,  CA  94701 

OICY  ATTN  J.  WORKMAN 

BOEING  COMPANY,  THE 
P.  0.  BOX  3707 
SEATTLE,  WA  98124 

QIC*  ATTN  G.  KEISTER 
OICY  ATTN  D.  MURRAY 
OICY  ATTN  G.  HALL 
OICY  ATTN  J.  KEP HEY 

CALIFORNIA  AT  SAN  DIEGO,  UNIV  OF 
I  PAPS,  9*019 
LA  JOLLA,  CA  92093 

OICY  ATTN  HENRY  G.  BOOKER 

BROWN  ENGINEERING  COMPANY,  INC. 
CUMMINGS  RESEARCH  PARK 
HUNTSVILLE,  AL  35807 

OICY  ATTN  ROMCO  A.  DELIBERIS 

CHARLES  STARK  DRAPER  LABORATORY,  INC. 
555  TECHNOLOGY  SQUARE 
CAHJR I DGE ,  MA  02139 

OICY  ATTN  D.  B.  COX 
OICY  ATTN  J.  P.  GILMORE 

COMPUTER  SCIENCES  CORPORATION 
6565  ARLINGTON  BLVD 
FALLS  CHURCH,  VA  22046 
OICY  ATTN  M.  8LAMC 
OICY  ATTN  JOHN  SPOOR 
OiCT  ATTN  C.  NAIL 


COMSAT  LABORATORIES 
LI NTH I CUM  ROAD 
CLARKSBURG,  MD  20734 
OICY  ATTN  G.  HYDE 

CORNELL  UNIVERSITY 

DEPARTMENT  OF  ELECTRICAL  ENGINEERING 
ITHACA,  NY  14850 

OICY  ATTN  D.  T.  FARLEY  JR 
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ELECTROSPACE  SYSTEMS,  INC. 

BOX  1359 

RICHARDSON,  TX  75080 

01CY  ATTN  H.  LOGSTON 

01CY  ATTN  SECURITY  (PAUL  PHILLIPS) 

ESL  INC. 

495  JAVA  DRIVE 
SUNNYVALE,  CA  94086 

01CY  ATTN  J.  ROBERTS 
01CY  ATTN  JAMES  MARSHALL 
01CY  ATTN  C.  W.  PRETTIE 

FORD  AEROSPACE  i  COMMUNICATIONS  CORP 
3939  FABIAN  WAY 
palo  alto,  ca  94303 

01CY  ATTN  J.  T.  MATTINOLEY 

GENERAL  ELECTRIC  COMPANY 
SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD  KING  OF  PRUSSIA 
P.  0.  BOX  8555 
PHILADELPHIA,  PA  19101 

01CY  ATTN  M.  H.  BORTNER  SPACE  SCI  LAB 

GENERAL  ELECTRIC  COMPANY 
P.  0.  BOX  1122 
SYRACUSE,  NY  13201 

01CY  ATTN  F.  REIBERT 

GENERAL  ELECTRIC  COMPANY 
TEMPO-CENTER  FOR  ADVANCED  STUOIES 
816  STATE  STREET  (P.O.  DRAWER  QQ) 

SANTA  BARBARA,  CA  93102 
01CY  ATTN  DAS I AC 
01CY  ATTN  DON  CHAMBER 
01CY  ATTN  TOM  BARRETT 
01CY  ATTN  TIM  STEPHANS 
01CY  ATTN  WARREN  S.  KNAPP 
01CY  ATTN  WILLIAM  MCNAMARA 
01CY  ATTN  B.  GAMBILL 
01CY  ATTN  MACK  STANTON 

GENERAL  ELECTRIC  TECH  SERVICES  CO.,  INC. 

HUES 

COURT  STREET 
SYRACUSE,  NY  13201 

01CY  ATTN  G.  MILLMAN 


GENERAL  RESEARCH  CORPORATION 
SANTA  BARBARA  01 VI SION 
P.  0.  BOX  6770 
SANTA  BARBARA,  CA  93111 

01CY  ATTN  JOHN  ISE  JR 
01CY  ATTN  JOEL  GARBARINO 

geophysical  institute 

UNIVERSITY  OF  ALASKA 
FAIRBANCS,  AK  99701 

(ALL  CLASS  ATTN:  SECURITY  OFFICER) 
01CY  ATTN  T.  N.  OAVIS  (UNCL  ONLY) 

01CY  ATTN  NEAL  BROWN  (UNCL  ONLY) 

01CY  ATTN  TECHNICAL  LIBRARY 

GTE  SYLVANIA,  INC. 

electronics  systems  grp-eastern  oiv 

77  A  STREET 
NEEDHAM,  MA  02194 

01CY  ATTN  MARSHAL  CROSS 


ILLINOIS,  UNIVERSITY  OF 
DEPARTMENT  OF  ELECTRICAL  ENGINEERING 
URBANA,  IL  61803 

Q1CY  ATTN  K.  YEH 

ILLINOIS,  UNIVERSITY  OF 
107  COBLE  HALL 
801  S.  MIGHT  STREET 
URBANA,  IL  60680 

CALL  CORRES  ATTN  SECURITY  SUPERVISOR  FOR) 
01CY  ATTN  K.  YEH 

INSTITUTE  FOR  DEFENSE  ANALYSES 
400  ARMY-NAVY  DRIVE 
ARLINGTON,  VA  22202 

01CY  ATTN  J.  M.  AEIN 
01CY  ATTN  ERAEST  BAUER 
01CY  ATTN  HANS  WOLF  HARD 
01CY  ATTN  JOEL  BENGSTON 

HSS,  INC. 

2  ALFRED  CIRCLE 
BEDFORD,  MA  01730 

01CY  ATTN  DONALD  HANSEN 

INTL  TEL  (  TELEGRAPH  CORPORATION 
500  WASHINGTON  AVENUE 
NUTLEY,  NJ  07110 

01CY  ATTN  TECHNICAL  LIBRARY 

JAYCOR 

1401  CAMINO  DEL  MAR 
DEL  MAR,  CA  92014 


JOINS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAD 
LAUREL,  20810 

01CY  ATTN  DOCUMENT  LIBRARIAN 
01CY  ATTN  THOMAS  potemra 
01CY  ATTN  JOHN  DASSOULAS 

LOCKHEED  MISSILES  C  SPACE  CO  INC 
P.  0.  BOX  504 
SUNNYVALE,  CA  94088 

01CY  ATTN  DEPT  60-12 
01CY  ATTN  D.  R.  CHURCHILL 

LOCKHEED  MISSILES  AND  SPACE  CO  INC 
3251  HANOVER  STREET 
PALO  ALTO,  CA  94304 

01CY  ATTN  MARTIN  WALT  DEPT  52-10 
01CY  ATTN  RICHARD  G.  JOHNSON  DEPT  52-12 
01CY  ATTN  W.  L.  IMCF  DEPT  52-12 

KAMAN  SCIENCES  CORP 
P.  0.  BOX  7463 
COLORADO  SPRINGS,  CO  80933 
01CY  ATTN  T.  MEAGHER 

LINCABIT  CORP 
10453  ROSELLE 
SAN  DIEGO,  CA  92121 

OICY  ATTN  IRWIN  JACOBS 

M.I.T.  LINCOLN  LABORATORY 
P.  0.  BOX  73 
LEXINGTON,  MA  02173 

OICY  ATTN  DAVID  M.  TOWLE 

OICY  ATTN  L.  LOUGHLIN 


MARTIN  MARIETTA  CORP 
ORLANDO  DIVISION 
P.  0.  BOX  5837 
ORLAWO,  FL  32805 

OICY  ATTN  R.  HEFFNER 
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mcdo*ell  oouglas  corporation 

5J01  BOLSA  AVENUE 
HUNTINGTON  8EACH,  CA  92647 
01CY  ATTN  N.  HARRIS 
01CY  ATTN  J.  MOULE 
01CY  Attn  GEORGE  MROZ 
01CY  ATTN  w.  OLSON 
01CY  ATTN  R.  W.  HALPRIN 
OtCY  ATTN  TECHNICAL  LIBRARY  SERVICES 


HISS  ION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
01CY  ATTN  P.  FISCHER 
01CY  ATTN  W.  F.  CREVIER 
01CY  ATTN  STEVEN  L.  GUTSCHE 
01CY  ATTN  0.  SAPPED  I  £L0 
01CY  ATTN  R.  BOGUSCH 
01CY  ATTN  R.  HENDRICK 
01CY  ATTN  RALPH  KILB 
01CY  ATTN  DAVE  SOWLE 
OICY  ATTN  F.  FAJEN 
01CY  ATTN  M.  SCWEI8E 
OICY  ATTN  CONRAO  L.  LONGMIRE 
OICY  ATTN  WARREN  A.  SCHLUETER 

MITRE  CORPORATION,  THE 
P.  0.  BOX  208 
BEDFORD,  MA  01730 

OICY  ATTN  JOHN  HORGANSTERN 
OICY  ATTN  G.  HARDING 
OICY  ATTN  C.  E.  CALLAHAN 

MITRE  CORP 

WESTGATE  RESEARCH  PARK 
1820  DOLLY  MAO I  SON  BLVO 
MCLEAN,  VA  22101 

OICY  ATTN  W.  HALL 
OICY  ATTN  W.  FOSTER 

PACIFIC-SIERRA  RESEARCH  CORP 
1456  CLOVERFIELD  BLVD. 

SANTA  MONICA,  CA  90404 

OICY  ATTN  E.  C.  FIELD  JR 


R  S  D  ASSOCIATES 

P.  0.  BOX  9695 

MARINA  DEL  RET,  CA  90291 

OICY  ATTN  FORREST  GILMORE 
OICY  ATTN  BRYAN  GABBARD 
OICY  ATTN  WILLIAM  B.  WRIGHT  JR 
OICY  ATTN  ROBERT  F.  LELEVIER 
OICY  ATTN  WILLIAM  J.  KARZAS 
OICY  ATTN  H.  ORY 
OICY  ATTN  C.  MACDONALD 
OICY  ATTN  R.  TURCO 


RAID  CORPORATION,  The 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 

OICY  ATTN  CULLEN  CRAIN 
OICY  ATTN  ED  BEDROZIAN 

RIVERSIDE  RESEARCH  institute 
80  WEST  END  AVENUE 
NEW  YORK,  NY  10023 

OICY  ATTN  VINCE  TRAPANI 

SCIENCE  APPLICATIONS,  INC. 

P.  0.  BOX  2351 
LA  JOLLA,  CA  92038 

OICY  ATTN  LEWIS  M.  LINSON 
OICY  ATTN  DANIEL  A.  HAMLIN 
OICY  ATTN  D.  SACHS 
OICY  ATTN  E.  A.  STRAKER 
OICY  ATTN  CURTIS  A.  SMITH 
OICY  ATTN  JACK  MCDOUGALL 

RAYTHEON  CO. 

528  BOSTON  POST  ROAD 
Sudbury ,  ma  017 76 

OICY  ATTN  BARBARA  ADAMS 

SCIENCE  APPLICATIONS,  INC. 
HUNTSVIL.5  DIVISION 
2109  W.  CLINTON  AVENUE 
SUITE  700 

HUNTSVILLE,  Al  35805 

OICY  ATTN  DALE  H.  DIVIS 


PENNSYLVANIA  STATE  UNIVERSITY 
IONOSPHERE  RESEARCH  LAB 
318  ELECTRICAL  ENGINEERING  EAST 
UNIVERSITY  PARK,  PA  16802 

(NO  CLASSIFIED  TO  THIS  AOORE5S) 

OICY  ATTN  IONOSPHERIC  RESEARCH  LAB 

PHOTOMETRICS,  INC. 

442  MARRETT  ROAD 
LEXINGTON,  MA  02173 

OICY  ATTN  IRVING  L.  KOFSKY 

PHYSICAL  DYNAMICS  INC. 

P.  0.  BOX  3027 
BELLEVUE,  WA  98009 

OICY  ATTN  E.  J.  FREMOUW 

PHYSICAL  DYNAMICS  INC. 

P.  0.  BOX  1069 
BERKELEY,  CA  94701 

OICY  ATTN  A.  THOMPSON 


SCIENCE  APPLICATIONS,  INCORPORATED 
8400  WEStPARK  DRIVE 
MCLEAN,  VA  22101 

OICY  ATTN  J.  COCKAYNE 

SCIENCE  APPLICATIONS,  INC. 

80  MISSION  DRIVE 
PLEASANTON,  CA  94566 
01CT  ATTN  SZ 


SRI  INTERNATIONAL 
333  RAVENSWOOO  AVENUE 
MEIW.0  PARK,  CA  94025 

OICY  ATTN  DONALD  NEILSON 
OICY  ATTN  ALAN  BURNS 
OICY  ATTN  G.  SMITH 
OICY  ATTN  L.  L.  COBB 
01CT  ATTN  DAVID  A.  JOHNSON 
OICY  ATTN  WALTER  G.  CHESNUT 
OICY  ATTN  CHARLES  L.  RIND 
01CT  ATTN  WALTER  JAYE 
01CT  ATTN  M.  BARON 
OICY  ATTN  RAT  L.  LEADABRAFO 
OICY  ATTN  G.  CARPENTER 
OICY  ATTN  G.  PRICE 
OICY  ATTN  J.  PETERSON 
OICY  ATTN  R.  HAKE,  JR. 

OICY  ATTN  V.  GONZALES 
OICY  ATTN  0.  MCDANIEL 
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TECHNOLOGY  INTERNATIONAL  COUP 

75  WIGGINS  AVENUE 

BEDFORD,  MA  01750 

01CY  ATTN  W.  P.  BOQUIST 

TRW  DEFENSE  i  SPACE  SYS  GROUP 

ONE  SPACE  PARK 

REDONDO  8EACH,  CA  90278 

OICY  ATTN  R.  K .  PLEBUCH 
01CY  ATTN  S.  ALTSCHULER 
OICY  ATTN  D.  DEE 

VISIDYNE,  INC. 

19  THIRD  AVENUE 

north  WEST  industrial  Park 

BURLINGTON,  MA  01805 

OICY  ATTN  CHARLES  HUMPHREY 
OICY  ATTN  J.  W.  CARPENTER 
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